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[Document Name] SPECIFICATION 

[TITLE OF THE INVENTION] GLASS FOR LASER PROCESSING 

[CLAIMS] 

[Claim I] 

A glass for laser processing that can be laser-proccssed by causing ablation of evaporation 
by laser beam energy absorbed therein, wherein the glass for laser processing has a composition 
that satisfies the following conditions: 

60 ^ SiOi+BA ^ 79mol%; 

5 ^ AljOi+TiOi ^ 20 mol%; and 

5 ^ LiaO+NaiO+KiO+RbiO+CsaO+MgO+CaO+SrO+BaO S 20 mol%, 
where 5 ^ TiO, ^ 20 mol%. 
[Claim 2] 

The glass for laser processing accordmg to claim 1, wherein the composition satisfies the 

following condition: 

(AUO,+T!O0/(LiO.+Na^O+K,O+Rb,O+Cs,O+MgO+CaO+SiO+BaO) ^ 0.9. 

[Claim 3] 

The glass for laser processing according to claim 1 or 2, wherein the composition satisfies 
the following conditions: 

70 ^ SlOa+BaO, ^ 79 mol%; 

10 ^ TiOi ;S lSniol%;and 

10 ^ Na^O ^ lSmoi%. 
[DETAILED DESCRIPTION OF THE INVENTION] 

[0001] 

[Technical field to which the invention pertains] 

The present invention relates to a glass laser processing through laser beam irradiation and, 
in particular, relates to a glass composition that is suitable for laser processing. 

[0002] 
[Prior Art] 

Recently, the technique of processing materials using laser beam energy has been 
developing gradually to cover the field of micro-processing. 

In the processing technique using a mask pattern, the processable length has been extended 
to the range of nanometers that are further shorter than micrometers due to the progress of the 
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patterning technique and the shortening of a laser wavelength, 

On the other hand, direct processing using a laser also has been practiced in the range of 
micrometers in the case of processing metal and organic matters such as polyimide as a result of the 
progress in shortening of the wavelength and pulse width of laser beams. 

[0003] 

Furthennore, processing such as perforating using a laser is shifting to ablation processing 
from thermal processing. Ablation is a phenomenon that the state of a material of an irradiation 
part shifts from melting to evaporation in a short period of time through irradiation of laser beams 
whose pulse width is very narrow. The level of thermal influence on the periphery of the beam 
irradiation part varies with an increase or a decrease in pube width. In the case of processing using 
an ultrashort pulse laser that completes beam irradiation before thermal diffusion occurs, it is 
possible to make precise minute holes, with hardly any heat-affected layer bcii^ generated. 

[0004] 

However, many of the lasers that are used for actual processing employ pulse widths of at 
least the nanosecond order, which makes it impossible to avoid the thermal influence. Hence, a 
photochemical reaction that is caused by ultraviolet rays is employed- Short-wavelength beams of 
a laser such as, for instance, an excimer laser have great energy per photon and therefore can cut a 
chemical bond that forms a molecular skeleton. 

[0005] 

As described above, the selection of, for instance, the pulse width and wavelength of a laser 
beam to be used for inadiation conventionally has made it possible to cany out micro-processing. 
The study, however, has not progressed so much from the viewpoint of improvement of materials to 
be irradiated with a laser. Processing of glass that Is a transparent material is important for optical 
applicatioa In order to provide a glass suitable for laser processing, JP11(1999)-217237A 
discloses a technique for providing glass in which cracks tend not to occur by decnsasmg the laser 
processing threshold value through the introduction of silver into glass by ion exchange- 

[0006] 

[Problem to be solved by the invention] 

Glass containing a large amount of alkali metal allows silver ions to be introduced thereinto 
by a silver ion exchange. However, a phenomenon occurs in which silver ions are reduced in the 
vicinity of the glass surface and thereby are inhibited from diffusing Into the glass. Hence, the 
effective laser processing region is Umited to the vicinity of the glass surface and therefore it still is 
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difficult to carry out processing of glass including processing of the inner part thereof, for instance, 
processing to make a through hole in a glass sheet. In addition, there is another problem that the 
ion exchange rate is low and it therefore is difficult to allow ions to reach the inner part of glass 
stably* 

[0007] 

Moreover, glass for laser processing produced through the silver ion exchange contains a 
large amount of alkali metal or alkaline-earth metal and therefore has a high thermal expansion 
coefficient, which is a problem. Since heat is generated in a laser irradiation part during laser 
processii^, the laser irradiation part and the vicinity thereof are deformed due to the stress caused 
by the difference in thermal expansion between them. When the thermal expansion coefficient is 
high, the size of a processing part measured during laser irradiation varies &om that measured after 
laser irradiation. Hence, the dimensional accuracy of the processing part may deteriorate. 

[0008] 

Furthermore, with respect to optical elements, it generally is desirable that the dimensional 
change that is caused by a temperature change be small. There also is a problem that such a 
dimensional change as described above may cause variations in the characteristics of optical 
elements. 

In order to solve the above-mentioned problems, the present invention is intended to provide 
a glass for laser processing that can be lasw-proccssed to tbc inner part thereof, such as for making a 
through hole in the glass, and has a lower thermal expansion coefficient compared with a conventional 
glass, 

[0009] 

[Means for solving problem] 

A glass for laser proc^sing according to the present invention that can be laser-processed 
by causing ablation or evaporation by laser beam energy absorbed therein contams titanium in the 
form of an atom, colloid or ion and has a composition that satisfies the following conditions: 

60 ^ SiO,+B,03 S 79mol%; 
. 5 ^ AliOs+TiOi ^ 20mol%;and 

5 ^ LiOa+NaiCHKiO+RbaCH-CsiO+MgO+CaO-t-SrO+BaO S 20mol%, 
wherein 5 ^ TiO, S 20 mol%. 

[0010] 

In the glass having the composition described above, SiOj or BaO, is an oxide that forms a 
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network of the glass, and it forms a skeleton of the glass. Furthermore, since LiOi, NaA K»0, 
Rb,0, CsjO, MgO, CaO, SrO, or BaO, which is a modifier oxide, breaks part of the network 
structure of the glass, it is used for reducing viscosity to be obtained at high temperatures or 
decreasing the temperature gradient of viscosity. 
[0011] 

AlaO, or TiO, is an intermediate oxide and can be present in the glass as either a netwoik 
forming oxide or a modifier oxide according to the balance between SiOj or BaO>, which is a 
network forming oxide, and LiO:, Na,0, K2O, RbaO. Cs,0, MgO, CaO, SrO, or BaO, which is a 
modifier oxide. Particularly, TiQj is necessary for lowering the laser processing threshold value. 

[0012] 

The glass having the composition described above is allowed to have a low thermal 
expansion coefficient by increasing the content of the component SiO, or BjO,, which is a network 
forming oxide, and minimizing the content of LiO,, Na,0, K A RbA C%0. MgO, CaO, SrO, or 
BaO, which is a modifier oxide. 

[0013] 

In order to obtain more uniform glass with a common melting method, it is desirable that 
the composition satisfy the following condition, within the compositioD range described above: 
(AUO,+TiOi)/(LiO,+NaiO+^KiO+RbjO+Cs^MgO+CaO+SrO+BaO) S 0,9. 
[0014] 

Moreover, from the viewpoint of both the decrease in thermal expansion coefficient and 
improvement in laser processability, a most preferable composition satisfies the following ranges: 
70 ^ SiOi+BA ^ 79rool%; 
10 ^ TiO, ^ 15mol%;and 
10 ^ Na^ ^ 15moI%. 
[0015] 

When glass absorbs laser beams, variations in glass structure or absorptance occur to cause 
ablation or evaporation. The glass having the aforementioned composition of the present Invention 
requires less energy to be processed by causing the phenomenon and ^erefore has a low processing 
threshold value. Furthermore, the glass for laser processing of the present invention is not 
modified through, for instance, an ion exchange but is allowed to have a necessary composition by 
melting. Accordingly, the composition of the glass is substantially uniform in the thickness 
direction. Hence, it is possible to carry out easily not only processing of the vicinity of the glass 
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surface but also processing of the inner part of the glass, such as. for instance, processing for 
making a through hole in a glass sheet. 
[0016] 

[Mode for carrying out the invention] 

The present invention is intended to improve the laser processabUity of glass and fluther to 
allow the glass to be processed at low energy from a surface toward an inner part of the glass. 
Hence, uniform glass has to be produced. Whether or not uniform glass is made was examined by 
actual melting, casting and slow cooling. 

[0017] 

Raw materials were blended so that 200 g of glass was to be produced. This was put into a 
ptatinum crucible, which then ^ placed in a melting furnace whose tempeiature had been raised to 
about ISOO'C. This was maintained for six hours while being stirred midway through the process. 
Casting was carried out by pouring Ae glass on an iron plate. Immediately thereafter. It was 
placed in an annealing fUmace whose temperature had been raised t6 about SOOt:. It then was 
maintained at a predetermined temperature fbr 30 minutes and then was cooled slowly to room 
tempenmire over 1 6 hours. A glass bloclc thus obtained was cut and polished ijy a common method. 
Thus a sheet-like sample of glass for laser processing with smooth surfaces was prepared. 

[0018] 

The laser processing threshold value was measured using an optical system 1 shown in FIG. 
1. Ultraviolet rays with wavelengths of 266 nm and 355 nm of the Nd:YAG laser were used as the 
Uiser beam 10. This laser had a pulse rale of 20 Hz and a pulse width of 5 to 8 nm. The laser beam 
10 was focused by a lens (not shown in FIG. 1) whose focal length was 100 mm. The ghiss sample 
20 attached to the sample holder 22 located on the sample stage 24 was irradiated with the laser 
beam 10 thus focused. The irradiation time was controlled with an irradiation shutter 30 and was 
set at two seconds. 
[0019] 

Energy of the laser beam 10 was measured with a power meter 40 placed on an optical path 
of the laser beam 10 in the state where the irradiation shutter 30 was closed. The sample was 
irradiated with laser beams whose energy level was changed variously by the attenuator 50, and the 
amount of energy used at the limit of causing ablation was detemincd, which was defined as the 
processing threshold value. 

[0020] 
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The laser source 12 generates high energy beams. Hence» for ensuring safety, the laser 
source 12 can be controlled remotely. A device 14 that supplies power and cooling water to the 
laser source 12 is operated with a remote controller 16. The laser source 12 itself also contains a 
shutter although it is not specifically shown in FIG. 1 . This shutter also can be controlled remotely. 
Laser beams that have passed through the glass sample 20 are absorbed by abeam damper 18. 

Examples in which the present invention is used are described below, but the present 
invention is not limited to them. 

[0021] 
[Examples] 

The compositions of glasses for laser processing of the present invention according to 
Examples 1 to 12 are indicated in Table 1. The compositions of respective components are within 
the following ranges: 

• network forming oxides {SiO»and BiO,): 60.0 to 79.0 mol%; 

• intermediate oxides (AtO, and TiOa): 5.0 to 20,0 mol%, 
wherein the content of TiOa must be 5.0 to 20.0 mol%; and 

• modifier oxides {LiiO, Na^O, KA MgO, CaO, SrO. and BaO): 5.0 to 20.0 mol%. 

The glass for laser processing of the present invention consists substantially only of the 
compositions described above except for a very small amount of impurities. 
[0022] 

The samples of glasses for laser processing melted in the compositions mentioned above 
were irradiated wlA respective laser beams having wavelengths of 266 nm and 355 nm, with the 
irradiation energy being varied. Table 1 shows the processing threshold values obtained as a 
result 

It can be understood that in both the cases of using the respective wavelengths, the 
processing threshold value decreases considerably with an mcrcase ui concentration of TiOj. 
However, the processing threshold value hardly depends on the compositions of the network 
forming oxides and modifier oxides. 

[0023] 

FIG. 2 shows vitrification conditions of respective compositions, with the relationship 
between the total amount of AliO, and TiOa and the amount of NajO being plotted with respect to 
various compositions tested by the inventors. It can be understood from FIG. 2 that an excessively 
small amount of modifier oxides that are typified by Na^O causes phase splitting and devitrification 
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and thus prevents unifom glass from being produced. That 5s. as shown in FIG. 2, m order to 

produce uniform glass, a relationship of 

(Al.O.+Ti0.y(Lia+Na.O+K,0+RbiO+Cs^MgO+CaO+SrO+BaO) ^ 0.9 (1) 

must hold. 

As described above, in order to decrease the laser processing threshold value, the glass 
needs to contain a large amount of TiO. In this case, in order to satisfy the condition of the 
fonnula (1). it is necessary to increase the concentration of the modifier oxides, the increase it. 
coticentxation of the modifier oxides, however, generally results in an increase in thermal expansion 
coefficient. Accordingly, it can be understood thai the decrease in the processing threshold value 
and the decrease in the thermal expansion coefficient have a trade-off relationship. 

[0024] 
[Comparative Example] 

Comparative Example 1 is a so-called soda-Ume glass that is used for common window 
glass, for instance. THe processing threshold values were determined in the same manner as in the 
examples. The maximum power was 1.10 W at a laser beam wavelength of 266 nm while it was 
2.10 W at a laser beam wavelength of 355 nm. In both the cases, neither ablation nor evaporation 
occurred and thus no change was observed in the sample. Compositions having a very low 
concentration of TiO, or AUOh «hich is an intermediate oxide, or containing no TiO, or AW. result 
in extremely high processing threshold values. 
[0025] 

As shown in Table 1, Comparative Example 2 is a material containing TiO. which is an 
intermediate oxide, and Na.O. which is a modifier oxide, each of which has a high concentration 
exceeding 20 mol%. The processing threshold values were determined in the same manner as in 
the examples and were very low. specifically 15 mW and 200 mW at laser beam wavelengths of 266 
nm and 355 nm. respectively. However, the glasses having compositions of the examples have 
thermal expansion coefficients that are tower than 100 x lO'^C-" while the glass having the 
composition of this comparative example has a thermal expansion coefficient as high as 118 x 
10"C'. 

[00261 

When the examples and comparative examples described above are taken Into account, it 
turns out that in obtaining a glass whose thermal expansion coefficient is as low as possible and 
whose processing threshold value also is low. the most preferable compositions are compositions 
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that are typified by Examples 11 and 12, i.e. compositions lhat satisfy the condition of the fonnula 
(1) described above and additionally are in the following ranges: 

70 ^ SiOa+B^O, ^ 79nioI%; 

10 ^ TiO, ^ 15mol%;and 

10 ^ NaiO ^ 15 mom. 

[0027] 
[Table 1] 
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[0028] 

[Effects of the invention] 

The present invention can provide a glass for laser processing that has a low laser 
processing threshold value as well as a low thermal expansion coefficient. In other words, the 
glass for laser processing of the present invention requires less laser beam energy to be processed 
and is affected less by heat. Thus, the glass for laser processing can be processed more precisely. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[FIG, 1] FIG. 1 is a schematic view showing an optical system used for measuring a laser 

processing threshold value« 

[FIG. 2] HG, 2 is a diagram showing a composition range in which uniform glass can be 

produced. 

[Explanation of letters or numerals] 

10 Laser Beam 

12 Laser Source 

20 Glass Sample 

22 Sample Holder 

24 Sample Stage 

30 Irradiation Shutter 

40 Power Meter 

50 Attenuator 
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[Document Name] ABSTRACT 
[Abstract] 

[Object] A glass for laser processing that cah be lasei^processed to the inner part thereof, such as fer 
making a througji hole in the glass, by causing ablation Of evaporation by laser beam energy 
absorbed therein, has a low thermal expansion coefTwient and can be processed precisely is provided. 
[Means to Solve the Problems] A glass for laser processing according to the present invention 
contains titanium in the form of an atom, colloid or ion md has a composition that are within the 
following ranges. That is. the total amount of network forming oxides (SiO. B^) ranges from 
60 to 79 mol%. the total amoont of intermediate oxides (A1,0,. TiO.) ranges from 5 to 20 mol%. 
and the total amount of modifier oxides (LiO. Na,0. K.a Rb,0. Cs.O. MgO. CaO. SrO. BaO) 
ranges from 5 to 20 mol%. wherein the content of TiO. must be 5 to 20 mol%. Also, it is desired 
that the total amount of the intermediate oxides should be not greater than 90% of the total amount 
of the modifier oxides. 
[Selected Figure] FIG. 2 



